Aims: The aim of this study was to determine the proteolytic activities of Staphylococcus xylosus strains on sarcoplasmic and myo®brillar proteins in order to evaluate the suitability of selected strains as starter cultures in the processing of a dry fermented pork sausage. Methods and Results: The proteolytic activity of 27 strains of Staphylococcus xylosus on sarcoplasmic and myo®brillar proteins was determined by agar plate method, o-phtaldialdehyde (OPA) spectrophotometric assay and sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Four strains were selected for the formulation of six starter cultures to use in the production of`Naples type' salami. The proteolytic contribution of starters was determined by SDS-PAGE, comparing the protein pro®le of inoculated sausages with that of uninoculated sausages after 0, 15 and 33 days of ripening. The results showed that the proteolytic activity of some strains, determined by the agar plate method, were not con®rmed by electrophoretic and spectrophotometric assays. In fact, of 24 strains of Staphylococcus xylosus able to hydrolyse muscle protein extracts on agar plate, only 12 strains were shown to change SDS-PAGE pro®le of pork proteins. The SDS-PAGE pro®le of sarcoplasmic proteins extracted from all sausages showed that the major changes were produced with starters S3, S4 and S5 after 15 days of ripening. Also myo®brillar proteins undergo major changes after 15 days of ripening and the protein pro®les showed the same pattern in all samples, except for the sausages produced with starter S4. Conclusions: The results of this work showed that the muscle protein extracts hydrolysis test is suitable for preliminary screening of Staphylococcus xylosus strains on the basis of their proteolytic activity. However, evaluation of muscle protein hydrolysis in a food model system could then be more appropriate for selecting micro-organisms for use as starter cultures for fermented sausages. Signi®cance and Impact of the Study: The potential of the ®ndings is discussed with reference to the formulation of starter cultures for the dry fermented sausages production.
INTRODUCTION
Lactic acid bacteria, micrococci and coagulase-negative staphylococci (CNS) are commonly isolated from fermented sausages (Seager et al. 1986; Hammes et al. 1990; Bersani et al. 1991) . Given the decisive role attributed to proteolysis in the genesis of¯avour in meat products, the contribution of micro-organisms to proteolysis in dry fermented sausages remains unclear (Rodriguez et al. 1998; Fadda et al. 1999) . Proteolysis of dry cured meat products has been attributed mainly to endogenous enzymes Verplaetse 1994 ). However, several reports evidenced proteolytic activity of micro-organisms on meat proteins (Diaz et al. 1997; Rodriguez et al. 1998; Fadda et al. 1999; Sanz et al. 1999) , especially as secondary hydrolysis of oligopeptides and small peptides (Verplaetse 1992 (Verplaetse , 1994 .
It is now generally recognized that some species of CNS are involved in the fermentation of some types of fermented sausages, contributing to¯avour and/or aroma production and colour stability of the ®nal product (Nychas and Arkoudelos 1990; Bersani et al. 1991) . Hence some CNS, particularly Staphylococcus xylosus and Staph. carnosus, are used as starters in fermented sausage production (Hammes and Knauf 1994; Hammes and Hertel 1998) . In Italy a law (DM 28.12 1994 published in the Gazzetta Uf®ciale della Repubblica Italiana, Serie Generale, no. 89 of 14. 04 1995) states that fermented sausages can be manufactured by using as starter cultures strains belonging to genera Lactobacillus, Pediococcus, Micrococcus, Debaryomyces and to the species Staph. xylosus, Staph. simulans and Staph. carnosus. However, the proteolytic contribution of these micro-organism in dry fermented sausages has not been investigated widely.
The aim of this study was to determine the proteolytic activities of Staph. xylosus strains on sarcoplasmic and myo®brillar proteins in order to evaluate the suitability of selected strains as starter cultures in the processing of a dry fermented pork sausage.
MATERIALS AND METHODS

Bacterial strains and culture conditions
Twenty-seven strains of Staph. xylosus (Table 1) isolated from ®ve samples of`Naples-type' salami, a typical fermented sausage produced in southern Italy, were used in this study. The strains were identi®ed and characterized as described in previous papers (Villani et al. 1994; Moschetti et al. 1997; Mauriello et al. 2000) . Working cultures were grown overnight at 37°C in a broth consisting of tryptone (1%), yeast extract (0á5%), sodium chloride (0á5%) and glucose (0á01%), pH 7á2 and designated T-broth. Cultures were maintained on P-agar (Phillips and Nash 1985) slants stored at 4°C.
Extraction of sarcoplasmic and myo®brillar proteins
Sarcoplasmic proteins were extracted according to Fadda et al. (1999) . Lean pork minced meat and freeze-dried samples of`Naples-type' salami (manufactured as described 
+ : positive result; A: negative result; ND: not determined. below) were diluted 1 : 10 (w/v) with 20 mmol l A1 phosphate buffer pH 6á5, homogenized in a Stomacher 400 blender for 3 min and centrifuged at 13 000 g for 20 min at 4°C. The supernatant (sarcoplasmic fraction) was sterilized by ®ltration (0á22 lm, Millipore). The resulting pellet was used for myo®brillar preparation as described by Sanz et al. (1999) . It was resuspended in 200 ml of 0á03 mol l A1 phosphate buffer pH 7á4 containing 0á1% (v/v) Triton X-100 and homogenized for 2 min in a Stomacher 400 blender. After centrifugation at 13 000 g. for 20 min at 4°C, the pellet was washed three times by resuspending in the same buffer to remove muscle proteases. The resulting pellet was weighed and resuspended in nine volumes of 0á1 mol l A1 phosphate buffer pH 6á5 containing 0á7 mol l A1 KI. After Stomacher homogenization for 8 min, the suspension was centrifuged at 13 000 g for 20 min at 4°C and supernatant water-diluted 10 times to avoid possible inhibition of bacterial proteases by the presence of KI. The extract was ®lter sterilized (0á22 lm) and stored at 4°C.
Detection of proteolytic activity of Staph. xylosus strains by agar plate method Myo®brillar and sarcoplasmic protein extracts, standardized at 5 mg protein ml ±1 , were added at concentration of 1 mg ml A1 to an agar medium consisting of tryptone 0á5%, yeast extract 0á25%, glucose 0á1%, agar 1á5%, pH 6á9, and then poured into Petri dishes. After solidi®cation of the medium, 70 ll of a 24-h culture broth of each strain were pipetted into wells (6 mm) bored in the agar plates. Proteolytic activity was also tested in milk agar where myo®brillar or sarcoplasmic extract was replaced with 10% of Skim Milk Powder (Oxoid). Plates were incubated at 37°C for 48 h. After incubation, the agar layers with pork proteins were removed from Petri dishes and stained for 5 min in 0á05% (w/v) Brilliant Blue R (Sigma) in methanol : acetic acid : distilled water (50 : 10 : 40). After destaining in methanol : acetic acid : water (25 : 5 : 70), the presence of a clear zone surrounding the inoculated wells indicated proteolytic activity (Molina and Toldra Á 1992) .
Detection of proteolytic activity by o-phtaldialdehyde (OPA) spectrophotometric assay
Five ml of overnight cultures of staphylococcal strains were centrifuged and the pellets resuspended in 1 ml of 0á02 mmol l A1 phosphate buffer pH 7á0. Cell suspensions were added to 10 ml of sarcoplasmic and myo®brillar extracts, both supplemented with 1% of glucose, and incubated at 37°C in a shaken water bath. Uninoculated extracts incubated under the same conditions were used as control. Samples (500 ll) were taken at 0 and 13 days and centrifuged at 18 000 g for 15 min. Supernatant aliquots containing free amino acids and small peptides were treated with OPA, and the absorbance at 340 nm was recorded (Church et al. 1983 ).
Analysis of proteolysis by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
Samples tested by OPA spectrophotometric assay and protein extracts from sausages were also analysed by SDS-PAGE (Laemmli 1970 ) on 12% polyacrylamide gels. Each sample was mixed with an equal volume of a sample buffer containing 2% of SDS, 5% of b-mercaptoethanol, 10% of glycerol, 0á05% (w/v) of bromophenol blue (as front marker), in 0á5 mmol l A1 Tris-HCl pH 6á8 and heated for 5 min at 90°C.
Twelve ll of samples containing myo®brillar extract and 10 ll of samples containing sarcoplasmic extract were applied onto the gels. Moreover, 5 ll of Perfect Protein Markers (Novagen) and 5 ll of a mix of pure myo®brillar proteins (myosin, actin and tropomyosin, all from Sigma) were used as molecular weight marker and to identify the myo®brillar proteins, respectively.
Electrophoresis was carried out in a Mini Protean II (BioRad) at 220 V until the bromophenol blue marker reached the bottom of the gel. Gels were subsequently stained for 1 h in a 0á1% (w/v) Brilliant Blue R in methanol : acetic acid : water (40 : 10 : 50) and then destained for 2 h.
Sausage manufacture
Four strains of Staphylococcus xylosus (AS27, AS9, DS18 and ES1) were selected on the basis of their proteolytic activity for use as starter cultures (Table 2) in the production of`Naples type' salami. A batch culture (800 ml) of each strain was prepared in BHI broth and centrifuged at 10 000 g for 20 min. The pellets were resuspended in 50 ml of 10% reconstituted Skim Milk Powder, freeze-dried and stored at 4°C until use as starter cultures. Dry fermented sausages were manufactured by a local meat processor. The S1  AS27  S2  DS18  S3  ES1  S4  AS27 and DS18  S5  AS27, DS18 and AS9  S6 AS27, DS18, AS9 and ES1 sausage formulation included 70% lean pork, 14% pork belly, 12% fat, 2á4% NaCl, 0á1% black pepper and 1á5% of a commercial mixture for salami consisting of pepper, ascorbic acid, potassium nitrate, dextrose, lactose and sucrose. After chopping and mixing the ingredients, the sausage mixture was divided into seven batches and the appropriate starter culture (about 10 7 viable cells per gram of sausage) was added to each batch according to distribution given in Table 2 . Subsequently, the sausage mixture was stuffed into natural casing. The sausages were kept at 4±7°C and 85±90% relative humidity for 2 h, then at 20±24°C and 75±85% relative humidity for 24 h. They were then smoked at 35±55°C for 4 h and ®nally ripened at 16±18°C and 64±69% relative humidity for 33 days. Two sausages in each trial were taken during ripening to analyse proteins, their water activity, pH and staphylococcal concentration on Mannitol Salt Agar (MSA, Oxoid) after 3 days of incubation at 32°C.
RESULTS
Proteolytic activity of Staphylococcus xylosus strains on muscle protein extracts
Agar plate method. The results of proteolytic activity of 27 strains of Staphylococcus xylosus detected on agar plate containing pork muscle proteins or protein milk (Table 2) showed that 92á6% of them were able to hydrolyse sarcoplasmic and/or myo®brillar proteins, while 37á0% of them hydrolyse milk proteins. Only two strains (AS7 and DS18) appeared unable to hydrolyse all proteins and only two strains (BS5 and AS1) showed a clear zone around the wells in all substrates. Moreover, three strains appeared to hydrolyse only sarcoplasmic proteins, ®ve strains only myo®brillar proteins and one strain only milk protein. Finally, nine strains were able to hydrolyse both sarcoplasmic and myo®brillar proteins. Spectrophotometric method. The results obtained by the spectrophotometric method on pork proteins were not in line with those of the agar method. As reported in Table 1 , of 27 strains tested only 13 and 10 strains showed the same results as those detected by agar method for sarcoplasmic and myo®brillar proteins, respectively.
Electrophoretic method. Of 27 strains tested, 18 showed proteolytic activity by SDS-PAGE: 12 were able to hydrolyse sarcoplasmic proteins, 12 were able to hydrolyse myo®brillar proteins and six were able to hydrolyse both. The protein patterns resulting from the action of seven representative strains on sarcoplasmic proteins are shown in Fig. 2 . After 13 days of incubation of the sarcoplasmic broths, the protein pro®le of uninoculated control, as well as of those inoculated with strains DS18, AS6, AS1 and AS2, was unchanged. The electrophoretic pro®les resulting from the action of strains BS5 and ES1 showed a decrease in intensity of protein bands at approximately 48á4, 41á6, 22á4 and 20á3 kDa. The same protein bands were completely hydrolysed by the action of the strain AS27, thus proving it to be the most proteolytic strain.
The protein pro®les obtained when cells of six representative strains were grown for 13 days in myo®brillar extract are depicted in Fig. 3 . No proteolytic changes were observed after the action of the strains BS12, DS18 and AS14 or from the uninoculated control. Instead, strains ES2 and BS5 showed their action by the disappearance of myosin (220 kDa), actin (45 kDa) and tropomyosin T1 (35 kDa) and by the appearance of bands at about 100 and 25 kDa. The same protein pattern was obtained after the action of the strain ES1, except for the disappearance of tropomyosin T1.
Proteolytic activity of Staph. xylosus strains during ripening of`Naples type' salami After 0, 15 and 33 days of ripening, the sausages produced with the starters reported in Table 2 were analysed for protein hydrolysis by SDS-PAGE. The electrophoretic patterns of myo®brillar and sarcoplasmic proteins at each time of ripening are shown in Figs 4 and 5. No differences either in myo®brillar or sarcoplasmic protein patterns were observed between control and inoculated sausages at the beginning of ripening (Figs 4a and 5a) .
After 15 days of ripening, the sarcoplasmic protein pattern of the uninoculated sausage showed a decrease in staining intensity of the protein bands in the range 35±50 kDa, the disappearance of a protein band at about 90 kDa and appearance of two bands at approximately 75 and 25 kDa. The same alteration of the sarcoplasmic pro®le arose in sausages inoculated with starters S1 and S2. Instead, the sausages produced with the starters S3, S4 and S5 showed a protein pro®le with an almost complete disappearance of the 40 kDa band, whereas the pattern of the sausages produced with the starter S6 showed only partial degradation of the 90 kDa band (Fig. 4b) . After 33 days of ripening, the sarcoplasmic protein pattern of the control showed a further decrease in staining intensity of the bands in the range of 35±50 kDa and reappearance of the protein band at 90 kDa. No differences appeared in the protein pattern of the control Table 2 ) when compared to pro®les of sausages inoculated with starters S1, S2 and S3. In contrast, increased staining intensity of proteins in the range of 35±50 kDa were observed in the pro®le of sausages produced with starters S4 and S5. Furthermore, a complete disappearance of 35±50 kDa bands and decrease in staining intensity of two bands below 25 kDa results in the pro®le of sausages inoculated with the starter S6 (Fig. 4c) .
The myo®brillar protein pattern of the control after 15 days of ripening showed a decrease in staining intensity of myosin heavy chain (MHC, 220 kDa), the appearance of many bands in the range 60±150 kDa and between tropomyosins (T1 and T2, 35 and 32 kDa) and myosin light chains (MLC1 and MLC2, 24 and 21 kDa). Furthermore, increased intensity of the 60 kDa band was observed (Fig. 5b) . All sausages showed the same protein pro®le, except for the sausages produced with starter S4 that showed a decrease in staining intensity of all bands. At the end of the ripening all the sausages showed the same myo®brillar protein pro®le (Fig. 5c) .
Counts of staphylococci, pH and a w of sausages are shown in Table 3 . The pH values of the sausage mixture dropped from 5á94 to about 4á88 after 15 days of ripening except for sample S5 with a pH value of 5á31. Subsequently, the pH increased, reaching values close to 6á0 in all the samples. The water activity showed values between 0á90 and 0á94 after 15 days of ripening and between 0á84 and 0á88 at the end of ripening. The initial bacterial count carried out on MSA was about 1´10 5 cfu g ±1 in the control sausages and about 1´10 7 cfu g ±1 in the inoculated sausages. However, in all the sausages staphylococcal population increased by about 1 log cfu g ±1 after 15 days, returning to the same level as the beginning of ripening.
DISCUSSION
The typical¯avour of dry sausages is due to products from fermentation of carbohydrates, lipolysis and lipid oxidation, proteolysis, seasonings and curing salts (Verplaetse 1994) . Proteolysis occurring in such sausages is considered to be the result of the action of endogenous meat enzymes, such as cathepsins, as well as proteases of microbial origin (Diaz et al. 1997) . To detect the proteolytic activity of 27 strains of Staph. xylosus from`Naples type' salami different methods were carried out. The results obtained by the agar plate method showed that 24 of 27 Staph. xylosus strains tested were able to hydrolyse the muscle proteins. Nineteen strains showed proteolytic activity against myo®brillar proteins and 14 strains against sarcoplasmic proteins. Applying the same method to milk proteins, only 10 strains showed proteolytic activity, six and three of which were unable to hydrolyse sarcoplasmic and myo®brillar proteins, respectively. A similar result was reported by Kenneally et al. (1999) , who also found two staphylococcal strains showing proteolytic activity against a substrate containing sodium caseinate but no activity in a substrate containing myo®brillar proteins. Instead Molina and Toldra Á (1992) found a Staph. xylosus strain with no proteolytic activity using nutritive gelatine, powdered milk and sarcoplasmic proteins as substrate. However, few studies have attempted to test the proteolytic activity of a large number of strains Table 2) against different substrates. Therefore, in order to study the proteolytic activity of micro-organisms, an appropriate substrate should be used. In fact, the proteases of microorganisms isolated from meat products may not be active on gelatine or casein (Rodriguez et al. 1998) . The application of muscle protein extract, as a speci®c meat substrate, could be more suitable for the detection of proteolytic activity of micro-organisms from meat products than other non-meat substrates, such as powdered milk, casein and gelatine. Myosin as a nitrogen source alone, was used by Rodriguez et al. (1998) to evaluate the proteolytic activity of 29 strains of Staph. xylosus. Usually, milk-or gelatine-based substrates are used to test the proteolytic activity of micro-organisms isolated from food (Huerta et al. 1987 (Huerta et al. , 1988 Cornejo and Carrascova 1991; Ansenio et al. 1995) . Moreover, our results showed that the proteolytic activity of some strains, determined by the agar plate method, were not con®rmed by electrophoretic and spectrophotometric assays. Indeed, of 19 strains resulting proteolytic on agar plates containing myo®brillar proteins, only ®ve strains con®rmed this activity by OPA and nine by SDS-PAGE assay. A similar result was obtained also for sarcoplasmic proteins. This could be due to the different composition of the substrates used, since liquid substrates unlike solid substrates, are poor media supplemented with meat proteins as the only source of nitrogen.
Contrasting results were also obtained by studying proteolytic activity using the OPA and SDS-PAGE method. In fact, six proteolytic strains on sarcoplasmic fractions, determined by SDS-PAGE, showed no proteolytic activity by the OPA method, probably due to limited proteolysis yielding peptides rather than extensive protein hydrolysis producing free amino acids. This hypothesis was in agreement with Rodriguez et al. (1998) who found no increase in free amino acids concentration from inoculated meat pork slices despite extensive hydrolysis of sarcoplasmic and myo®brillar proteins. The sarcoplasmic protein pattern of strain AS27 (OPA+ and SDS-PAGE+ in Table 1 ; lane I of Fig. 2 ), showed the disappearance of protein bands at low molecular weight (below 50 kDa). By contrast, strains BS5 and ES1 (OPA-and SDS-PAGE+ in Table 1 ; lanes G and H of Fig. 2 ) were unable to hydrolyse low molecular weight proteins. This would suggest, therefore, that the strains that gave positive results by the OPA method were able to hydrolyse only low molecular weight proteins. The action of the strains showing activity on myo®brillar proteins (Fig. 3) , resulted in the appearance of protein bands at low molecular weights. This could result from the breakdown of MHC and other high molecular weight fragments. The disappearance of MHC and of other myo®brillar proteins has already been observed in fermented sausages (Verplaetse et al. 1989; Garcia de Fernando and Fox 1991) . The SDS-PAGE assay showed that the control samples (uninoculated) did not re¯ect major proteolytic changes as result of the possible endogenous activity. These results were in agreement with Fadda et al. (1999) and Molina and Toldra Á (1992) , who also found no proteolytic changes in uninoculated sarcoplasmic and myo®brillar extracts, con®rming the absence of endogenous muscle proteinases.
The proteolytic activity of six starter cultures of Staph. xylosus during`Naples type' salami ripening was determined by comparison with uninoculated sausages. The results obtained by analysing the pro®les of sarcoplasmic proteins of all sausages, with and without starters, were generally comparable to those of other studies on meat products (Garcia de Fernando and Fox 1991; Cordoba et al. 1994; Johansson et al. 1994) . In particular, in line with our ®ndings, Cordoba et al. (1994) found the loss of the 91 kDa band and decreases in the protein bands in the range 35±50 kDa during ripening of Iberian ham. Moreover, we recorded the reappearance of the protein band at 90 kDa after 33 days of ripening. Instead, Cordoba et al. (1994) found the appearance of bands at 120, 85, 70 and 67 kDa. This is probably related to the hydrolysis of high molecular weight myo®brillar proteins. Myo®brillar proteins undergo changes during ripening in all samples including the uninoculated sausage. There was a progressive reduction in the 220 kDa (MHC) and 45 kDa (actin) bands and the appearance of many bands in the range 60±150 kDa. However, the most marked decrease in these proteins seems to occur after 15 days of ripening. The progressive disappearance of MHC has been observed in fermented sausages by Garcia de Fernando and Fox (1991) . Moreover, the appearance of compounds of molecular weight between 50 and 150 kDa has been found by other authors during ripening of cured ham Cordoba et al. 1994 ) and sausage fermentation (Comi et al. 1986 ). The electrophoretograms also showed a progressive decrease in intensity of MLC2 after 15 days until a total disappearance after 33 days of ripening. Our results suggest that both bacterial and muscle proteinases contribute to the ripening process of`Naples type' salami. Other authors (Verplaetse 1994; Molly et al. 1997) have reported the co-operation of microbial and muscle proteases for the breakdown of myo®brillar and sarcoplasmic proteins.
The results of this work showed that the muscle protein extracts hydrolysis test is suitable for preliminary screening of Staph. xylosus strains on the basis of their proteolytic activity. However, evaluation of muscle protein hydrolysis in a food model system could then be more appropriate for selecting micro-organisms for use as starter cultures for fermented sausages.
